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(54) Aqueous dispersion for chemical mechanical polishing and chemical mechanical polishing 
process 

(57) There are provided aqueous dispersions for 
CMP that can efficiently polish both copper films and 
barrier metal films, which can give sufficient flattened 
finished surfaces without excessive polishing of insulat- 
ing films, as well as a CMP process employing the aque- 
ous dispersions. The aqueous dispersions for CMP ac- 
cording to the invention are characterized in that for pol- 
ishing of a copper film, barrier metal film and insulating 
film under the same conditions, the polishing rate ratio 
(Rci/Rbm) of copper film (Rcu) and the barrier metal 
film (Rbm) is such that 0.5 < Rci/Rbm ^ 2. and the pol- 
ishing rate ratio (Rci/^in) copper film (Rcu) and 
the insulating film (R,n) is such that 0.5 < Rcu^Rfn ^ 2. 
Other aqueous dispersions for CMP according to the in- 
vention are characterized in that they contain an abra- 
sive, a heterocyclic compound, an organic acid and an 
oxidizing agent, and for polishing of a copper film, barrier 
metatfilm and insulating film under the same conditions, 
the polishing rate ratio (Rcu/Rbm) the copper film 
(Rcu) and the barrier metal film (Rbm) such that 0 < 
Rci/f^BM ^ ^' and the polishing rat© ratio (Rm/RsM) 
the insulating film (RJ and the barrier metal film (Rbm) 
is such that 0 < R,n/RBM ^ 2. The CMP process of the 
invention is characterized by using these aqueous dis- 
persions for CMP in the second stage of two-stage pol- 
ishing, in the second stage of three-stage polishing or 
in the third stage of three-stage polishing. 
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Description 

[BACKGROUND OF THE INVENTION] 
[Field of the Invention] 

10001, Thepresentinventionrelatestoanaqueousdispersionforch^^^^^^^^^ 

o as "aqueous dispersion") and to a chemical mechan.ca P^^^J^'^S P-J^^^^^^^^ on semiconductor 

to an aqueous dispersion capable of «f ^^^^^^^^^ and insulating 

tSfrd^agechemical mechanical polishing step of three-stage pol.sh.ng processes. 
[Description of the Prior Art] 

Is (om.«l m m insulating tlB, on . proce«i«.g »ate,, orgrooTO to form . -ring 

,onn«l «.d . «wng n«.e«l sucl, „ ^^^^^^a" ZZ moil llln. or. ron».«l b, 

=r:«rr^irgT=rtrir2 s-Ttfi... ^. -.ng ,o.,e. ,^ 

'fc oxan^, in . <»1P proooss convrlslng ».o ''''^"^ "J'^^'^^^ I. 

•trr"'"rtr2^r.:ijg:x?r-— 
r:;rnr~«rro.ion=.--,n™ 

[00041 First iwo-stago polishing process mvolvos polish ng in mo, CMP step In this case, dishing 

LnpU^o.od,andth,nren,o.lngi«J,ho,«n^^^^^^ 

r.is'p'^Cnrrsr.i"™^?^^^^^^ 

•"•"irnroTarpolishlng proooss tha, has ^ ^'^Zrji::^:^^'^'^'^^ 
ftst-stagoOMP stop to an oxtontthatdoos no. ■^""f'^r^Z^^'^ This^^soiStlmes results 

r.xrzs^^.'Z'^srz^'zz^xt Uie^ - - 

leading to the problem of increased costs. niff-rent oollshina perfomiance is required for the aqueous 

dispr^'^rthTei'-^s™*-^^^^^^^ 
sirrnrjri^=-id.»^^^^^^^ 

unwanted Itregularities on the surtace ol tn. insulating 1.1m. "f ™" 7,'^^'™^^^ to employ . 

those irroguB-ltlesolten create Wness". As . '^''^'^ '^^'Zi^f^^')^''^''''^''^'''^ 

sometimes occur due to scratching and the like. dielectric constant, it Is difficult to achieve an 

When the polishing surface is a porous .nsulatmg .Im wrth a low ^^'^<=t^JJ° and^nversely if the pH is high, 
adequate polishing rate if an ^^j-^ ^lin^g^dlS^o -'^^"s' « also becomes 
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[SUMMARY OF THE INVENTION] 
[Problems to be Solved by the Invention] 

chanical polishing process empioying the aqueous dispersion. 
[Features of the Invention] 

rooosi we studied polishing of working films fonned on semiconductor substrates ««th tj^^^i""*^"'"" 
tions 

An acueous dispersion for chemical mechanical poiishing chi-tenz^^^^^^^ ^ j^Jf^hTp^^Shing S^r saTd 
birrier metal film and insulating film under the same ^f^^;^^^^^^ 5 ^ S'^^r^^ < 2. and the 

S'Jn'at^ou's d^pe^i'on for chemical mechanical polfehing according to [11 above, wherein said barrier metal 
ir^nrje^L"^ 

an abrasive, water and a polishing rate adjusting f°7°"f "^'^^ ^ . ,3, ^^^^^ wherein said abrasive consists 
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a surfactant at 0.0001 -0.1 >wt%. nnlishina according to [8] above, wherein the pH is 8.5 or 

'a,ie, said ratio (WBb„ Is that 0 < '^^J^^^^^^^T'iii^^. whtoln said het.««ydio 
!:o»r«St^™t,':S;=rt:S^ al., ..,dro«,.S^.,..3,«Ha»,n. 

[?2"i«"«=.l meohanic.1 polishing p.oooss oharactertzad b, oo,.*rlslng 

^S'TCSX'SoTors^^^^^^^^ 

leal polishing according to any one of [1] to [7] above. 
poii.l«.9 of a poiishins P-oooas oompno«g '"Sf =^ "T" „ [9, ,„ (1,1 above. 

SiSiS'irr^^Tar^iiTaSS™ 

30 [Effect of the Invention] 

,„.,„, Tboa,oeo»di.pa.iono,*ai^-^;^-»^--»^^^^^^ 

rales lor copper liims and t><«'>«JJ^^''''^J^'J'^JZZoe dogre. at s,iital>le .«es wMe producing no 

,„rrs'i^=v7a- Tr-rredTo^rn ■^^^i^ ^^^^-^ 

precision. . . ^ inwention as described in Claims 8 to 1 5, the composition of the 

[00111 According to the aqueous dispersion of the ^^^J^;' ,fehing rate ratio between the copper film. 

Lqueous dispersion may be ^^^anged to allow easy^^^^^^^ J^^o be polished with adequate efficiency, and 

barrier metal film and insulating nim^Th^ inslting film. The aqueous dispersion as 

"cl^lmsTrt T9 ?s?sef u fo?thri^^^.d^^^^^^ of I'two-stage polishing process, or for the second stage 
described in Claims 1 7 to 1 9, is userui for in manufacture of semiconductor devices. 

and the storage volume can therefore be reduced. 

so [BRIEF DESCRIPTION OF THE DRAWING] 

100131 Fig 1 isamodeli.lustrationshowingthepolishingsectior,sremoveddunngeach 
waJinL^y I ^o-stage polfehing process and a three-stage pol.sh.ng process. 

55 [DETAILED DESCRIPTION OF THE INVENTION] 

™, -copper ma, be ,om»d Iro. pore copper, or . n« be lom^ ^ an -o, containing a, .est 
95wt%, such as copper-silicon or copper-aluminum. 
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SSlT'C^^uamg lilm- may 6, not onl, an o,dlna„ SIO, mm. but also a then™! oxidation Bin, ™* 'JPL'f ™ 
constant. .PP'ox"atal,2^6.3.0,,*onno.».«»n^^^^^^ 

-ra^Srt^^'STrar^a-oC^fol^^^^ 

th.y pr=le,.bl, actual poliahlng conditions or neatly aotnal «d Llorably 40-1 00 

„,Ln s%od o. 30-, ao .pn, and pto.e,«,,y 40..00 tpm^ a 

::3:orii:!nS=?irjrnri^^^^ 

b, the Itet stage of polishing m a two-stage P"'*"^?'"^!''^ Jm' r , ^ o^^trtha, 2^0 copper film may be 

=rprhTdr^r^r;rrp:,s^^^^ 

;2«™r™™^r^-"descnbedlna^^ 

POM, An aqueous dlsp.relon as desotfed ,n ■^'^'°7^"f"J^^^Z^JZ fot the second stage of 

;,r„g?;t::?r'^;rsi"rgra:^^^^^^^^ 

of a t»«ta9e polishing p™c«», there are sometime. .oonom«.l "TZcZrJ.^^cZ^ '■^ ClalJt 16, the 

ratio Rci/Hbm me aqueous, k necessitate a greater amount of aqueous dispersion. 

S;rtrrare:X:S:fd-'Sr.'SaZ8":^. « .Jo ,.W».„>«.- oopperf.m pushing 

r^"-!.:arurdrrn^arr^rs^rh?PH°^^^^^^^ 
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• Rbm ^ 5 and an Rirt^Rew ratio such that 0 < Ri^/Rbm ^ 0.1 [hereunder referred to as "aqueous dispersion (a)"], is 
particularly effective when used in the second stage of a two-stage polishing process or the second stage of a three- 
stage polishing process, as according to Claims 1 7 and 1 8. The Rcu/Rbm ratio of aqueous dispersion (a) may be such 
that 0.5 < Rcu/Rbm ^ 3- or s"^^ ^^^t 0.5 < Rcu^Rbm < 2. The R„/Rbm ratio may be such that 0 < R,r/RBM ^ O O^- 

5 such that 0 < Rir/^BM ^ 0 085. By using aqueous dispersion (a), the copper film is polished while the barrier metal film 
is also adequately polished, with no excessive polishing of the insulating film. 

[0023] An aqueous dispersion according to Claim 1 2, with a pH of 8,5 or above, an Rci/Rbm ratio such that 0 < RcJ 
Rbm < 0.1 , an Rm/RsM ratio such that 0 < Rm/RsM ^ 0-1 : and containing a surfactant at 0.0001 -0.1 wt% [hereunder 
referred to as "aqueous dispersion (b)"], is particularly effective when used in the second stage of a two-stage polishing 

10 process or the third stage of a three-stage polishing process, as according to Claims 1 7 and 1 9. The Rcu^Rbm "^^'O of 
aqueous dispersion (b) may be such that 0 < Rcu/^bm ^ O-^^, or such that 0 < Rqi/Rbm ^ 0.05. The Rm/RaM ratio may 
be such that 0 < Rm/RaM ^ 0.09, or such that 0 < Ri^/Rbm ^ 0.085. By using aqueous dispersion (b), the copper film is 
only slightly polished while the barrier metal film is adequately polished, with no excessive polishing of the insulating film. 
[0024] An aqueous dispersion according to Claim 1 4. with a pH of 8.5 or above, an Rqu/Rbm ratio such that 0 < Rq/ 

^5 Rbm ^ 0.05 and an Rm/RsM ratio such that 0.1 < Rm/RaM ^ 2 [hereunder referred to as "aqueous dispersion (c)"], is 
particularly effective when used In the second stage of a two-stage polishing process or the third stage of a three-stage 
polishing process, as according to Claims 17 and 19. The Rcu/Rbm ratio of aqueous dispersion (c) may be such that 
0 < Rcu'^Rbm s 0.03, or such that 0 < Rc^/Rbm ^ 0.02. The Rm/RsM ratio may be such that 0.1 < Rm/ReM ^ 1 5, or such 
that 0.1 < R|r/RBM ^ 0.8. By using aqueous dispersion (c), there Is almost no polishing of the copper film, the barrier 

20 metal film is adequately polished, and the insulating film is suitably polished to eliminate waviness. 

[0025] These aqueous dispersions (a), (b) and (c) may be appropriately selected for use based on whether the 
copper film has been completely removed in the first stage of polishing or the second stage of polishing has been 
carried out without completion of the copper film polishing in the first stage of polishing, or on the presence and extent 
of wavincss. , . 

25 Fig. 1 shows a model illustration of the difference in the polished sections at each step in two-stage polishing 

and three-stage polishing, where waviness have been produced on the wafer. 

[0026] The "abrasive" used is preferably of at least one type of particle selected from among inorganic particles, 
organic particles and inorganic/organic composite particles. Inorganic particles are preferred, with silica particles and 
especially colloidal silica particles being most prefen-ed for the abrasive. 

30 [0027] "Inorganic particles" may be particles composed of silica, alumina, titania. zirconia. ceria or the like. The 
inorganic particles are preferably of high purity. Specifically, there may be mentioned particles composed of silica, 
alumina, titania or the like which are synthesized by (1) a fumed method in which oxygen and hydrogen are reacted 
with silicon chloride, aluminum chloride or titanium chloride in a gas phase, (2) a sol-gel method in which a metal 
alkoxide such as tetraethoxysilane or a titanium alkoxide is hydrolyzed and condensation is earned out forthe synthesis, 

35 and (3) an inorganic colloid method in which the impurities are removed by purification. 

[0028] "Organic particles" may be particles composed of a themioplastic resin such as any of those listed as (1) to 
(4) below. 

(1) Polystyrene and styrene-based copolymers 
40 (2) (Meth)acrylic resins such as polymethyl methacrylate and (meth)acrylic copolymers 

(3) Polyvinyl alcohol, polyacetal, saturated polyester, polyamide, polyimide, polycarbonate and phenoxy resins 

(4) Polyolefins such as polyethylene, polypropylene, poly-1 -butene and poly-4-methyl-1 -pentene. and olefin-based 
copolymers 

45 [0029] These organic particles may be produced by emulsion polymerization, suspension polymerization, emulsifying 
dispersion, pulverization, and the like. 

[0030] The organic particles may be composed of a polymer with a crosslinked staicture, obtained by copolymeri- 
zation of styrene, methyl methacrylate or the like with divinyl benzene, ethyleneglycol dimethacrylate or the like. The 
hardness of the organic particles can be adjusted by the degree of crosslinking. 
50 There may also be used organic particles composed of themnosetting resins such as phenol resins, urethane 

resins, urea resins, melamine resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

Those different types of inorganic particles and organic particles may be used alone or in combinations of two 
or more types. 

[0031] "Inorganic/organic composite particles" may consist of inorganic particles and organic particles fonned inte- 
55 grally to an extent so as not to easily separate during the CMP process, and there are rio particular restrictions on their 
types or structures. 

As inorganic/organic composite particles (hereunder referred to as "composite particles") there may be used 
particles formed by polycondensation of an alkoxysilane. aluminum alkoxide, titanium alkoxide or the like in the pres- 
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EsMic force, which a,e foonsd ftom an aqueous dlspe<sion eortalnlng organs pennies ana .no,ga™c panK^tes 
jS^ro^~p,°ri"~ *;^=- ». e^oe«.ca,^ bonded inorganic paHoiee a™. o,8ar,ic p.,«>,e» - no« 
be e«P!^"^JJf;„,^ ^ ^,„^ high*, pH-depend.„, .r,d have ah isoeiecMc p«n, a. «hi=h *e 

ri^Xr ™ ^^rraTuS nega,^ across ,he e*e pH rang. « 

thereby allowing integration of the inorganic P^^^^^^^ P^^^j^^^ polycondensation of an alkoxysilane. 

be milrX oSa^loh -'"9 ■ ■«"»'°" '««^""' "^"^ " ° 

^-irs^tSp^rred^^r-^r^^^^ 

r^r™L°::^rn:2jroZ"ar™,b,ei«r<.aaooia.edo,non.d,a.oo^^^^ 
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dispersion. When the organic acid is a polyvalent acid such as a divalent or greater acid, the organic acid may be 
dissociated as a monovalent ion or It may be as a divalent or greater ion. The cation in the dissociating portion which 
fomis a pair with the organic acid ion may be a hydrogen ion, or it may be a cation derived from an additive added to 
the aqueous dispersion if necessary (for example, ammonium ion. potassium Ion. and the like). For preparation of the 

5 aqueous dispersion of the invention, the organic acid may be added as an acid or as an organic acid salt. 

[0043] Maleic acid Is particularly preferred among the aforementioned organic acids as the polishing rate adjusting 
component used for the aqueous dispersions described in Claims 1 to 7. 

Maleic acid dissociates substantially in its total amount in aqueous dispersions. The cation fomning the pair with 
the maleic acid ion may b e hydrogen ion. or it may be a cation derived from an additive added to the aqueous dispersion 

10 if necessary (for example, ammonium ion or potassium ion), and potassium ion is preferred. The potassium ion also 
has an effect of improving the polishing rate, and it can give the aqueous dispersion an even greater polishing rate. 

For production of the maleic acid ion and potassium ion, it is most convenient and effective to use potassium 
maleate. The potassium ion used in the aqueous dispersion may be produced from potassium maleate, produced from 
potassium hydroxide used for adjustment of the pH of the aqueous dispersion, or derived from an additive added to 

15 the aqueous dispersion if necessary. 

[0044] The maleic acid ion concentration in the aqueous dispersion is preferably 0.005-1 mole/liter, and especially 
0.01 -0.5 mole/liter. This concentration range for the maleic acid ion can be achieved by adding at 0.06-11 .6 wt% (more 
preferably 0.1 -5.8 wt%) as maleic acid. 

If the maleic acid ion concentration is less than 0.005 mole/liter, the polishing rate may be inadequate particularly 

20 for copper films and barrier metal films. On the other hand, if the maleic acid ion concentration is greater than 1 mole/ 
liter the polishing surface may undergo corrosion, and it may not be possible to obtain a satisfactory finished surface 
with high precision. The maleic acid ion concentration may be measured by ion chromatography 

The potassium ion concentration may be any appropriate concentration, and is preferably 0.01 -2 moles/liter and 
more preferably 0.02-1 mole/liter. In this case, a potassium ion concentration of less than 0.01 mole/liter may mal<e it 

25 impossible to exhibit a sufficient improving effect on the polishing rate, while a concentration of over 2 moles/liter can 
tend to result In scratches. 

[0045] The aqueous dispersion described in Claims 1 to 7 preferably contains an oxidizing agent. Adding an oxidizing 
agent improves the polishing rate. 

A wide variety of oxidizing agents may be used, and appropriate oxidizing agents include oxidizing metal salts, 
30 oxidizing metal chelates, non-metallic oxidizing agents such as peracetic acid and periodic acid, iron-based ions of 
nitrates, sulfates, EDTA. citrates, potassium ferricyanides and the like, aluminum salts, sodium salts, potassium salts, 
ammonium salts, quaternary ammonium salts, phosphonium salts, or other cationic salts of peroxides, chlorates, per- 
chlorates, nitrates, pennanganates, persulfates, and mixtures thereof. 

[0046] The "oxidizing agent" used is most preferably hydrogen peroxide. Hydrogen peroxide dissociates at least 
35 partially in aqueous dispersions, producing hydrogen peroxide ion. "Hydrogen peroxide" includes hydrogen peroxide 

molecule as well as the aforementioned hydrogen peroxide ion. 

The hydrogen peroxide ion concentration may be set as desired within a range of 0.01 -5.0 wt%, but is preferably 

from 0.05-3.0 wt%, and most preferably 0.07-1 .0 wt%. If the hydrogen peroxide concentration is less than 0.01 wt% it 

may not be possible to achieve polishing at an adequate rate, and If it exceeds 5.0 wt% the polishing surface may 
40 undergo corrosion. 

[0047] The aqueous dispersion of the invention may also contain a polyvalent metal ion with the effect of promoting 
the function of the hydrogen peroxide as an oxidizing agent, and can thus further improve the polishing rate. 

As polyvalent metal ions there may be mentioned metal ions such as aluminum, titanium, vanadium, chromium, 
manganese, iron, cobalt, nickel, copper, zinc, gennanium. zirconium, molybdenum, tin, antimony, tantalum, tungsten, 
45 lead and cerium. Any one of these may be used, or two or more polyvalent metal ions may be used in combination. 

The polyvalent metal ion content may be up to 3000 ppm. and preferably from 10-2000 ppm, in the aqueous 
dispersion. 

The polyvalent metal ion may be produced by mixing with the aqueous medium a salt such as a nitrate, sulfate 
or acetate or a chelate containing a polyvalent metal element, and it may also be produced by mixing an oxide of a 

50 polyvalent metal element. There may also be used a compound that produces a monovalent metal ion when mixed 
with the aqueous medium, but whose ion becomes a polyvalent metal ion by the oxidizing agent. Of these various salts 
and chelates, iron nitrate is preferred because of its particularly excellent effect of improving the polishing rate. 
[0048] The pH of the aqueous dispersion of Claims 1 to 7 is preferably adjusted to the range of 7-11 , more preferably 
8-11 , even more preferably 8.5-10.5 and especially 9-1 0. The pH adjustment may be accomplished with an acid such 

55 as nitric acid or sulfuric acid, or with an alkali such as potassium hydroxide, sodium hydroxide or ammonium. If the pH 
of the aqueous dispersion is below 7, the etching effect on woricing films of copper or the Hke is stronger, thus tending 
to produce more dishing and erosion. On the other hand, if the pH is above 1 1 the insulating film is excessively polished, 
and a satisfactory wiring pattern cannot be obtained. 
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noelhyO-S-mercaplMettazole, 4.5-dicyanoimidazole. 2-amino-4,6-dicyaiio-1 H-m«)azole ana 3H in. i , i 

aeri».tivea of con»ound.«im neterahexacyclss there may b.m.nlto^ 
S™'2«SS6"a«v"mL.1,3.6-M^ banzog.an«rtna, .htocyanyrtc add, mel>».,ne. 3.am,n,.-6,eNi,ma- 

dispersion. The oonlentlor aqueous ■^'"<=r'l^«^»)<' "^^^"^^o.i^^osM^ If the hMerocyellc 

is no need to increase the content above this. ^^„toinc an "nraanic acid" There Is no restriction on 

Pl-r ^rr,:''a%roTo^ro:^nl= ac. . praa.^ ,h fo™. That ,t . the 

mmmmmmM 
mmmm^mmm 

; improves the polishing rate, and there Is no need to increase the ''°'''^^2lfZlTXurtk^snt" As surfactants there 
loo'eo, An aqueous dispersion as described in Cia^^^^^^^ 
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carboxylates. (2) sulfonates such as alkylbenzenesulfonates, alkylnaphthalenesulfonates and a-olefinsulfonates, (3) 
sulfate esters such as higher alcohol sulfate esters, alkylether sulfates and polyoxyethylene alkylphenylether sulfates, 
and (4) phosphate esters such as alkylphosphate esters. Preferred among these anionic surfactants are sulfonates, 
with potassium dodecylbenzenesulfonate and and ammonium dodecylbenzenesulfonate being particularly preferred. 

5 [0061] The surfactant content for aqueous dispersions (a) and (b) may be 0.0001-5 wt%, especially 0.001 -0.5 wt% 
and more preferably 0.01-0.2 wt% with respect to 100 wt% of the aqueous dispersion. The content is preferably not 
less than 0.0001 wt% because the polishing rate may not be adequately improved. On the other hand, it is preferably 
not over 5 wt% because the polishing rate may be considerably reduced particularly for copper. For aqueous dispersion 
(c), a surfactant may be added at less than 0.0001 wt%, but addition of a surfactant can lower the polishing rate for 

10 insulating films, and therefore it is preferred not to use a surfactant. 

[0062] The pH of an aqueous dispersion as described in Claims 8 to 15 may be from 5 to below 8.5 for aqueous 
dispersion (a), and is preferably 6 to below 8 and more preferably 6.5 to below 8, With a pH within this range, the 
barrier metal film is polished at a sufficient rate while polishing of the insulating film is minimized so that excessive 
polishing of the insulating film does not occur. On the other hand, the pH for aqueous dispersions (b) and (c) may be 

15 8.5 to 12, preferably 8,5 to 11 and more preferably 8.5 to 10. With a pH within this range, the bamer metal film Is 
polished at a sufficient rate. In particular, aqueous dispersion (c) with a pH adjusted to within this range accomplishes 
polishing of barrier metal films at a sufficient rate as well as suitable polishing of insulating films, it Is therefore useful 
as an aqueous dispersion for a third stage of polishing, 

[0063] Polishing of a working film for a semiconductor device can be accomplished with a commercially available 
20 chemical mechanical polishing apparatus (such as Model "LGP510" or "LGP552" by Lapmaster SFT Co., Ltd.; Model 
"EPO-112", "EPO-113" and "EPO-222" by Ebara Laboratories Co,, Ltd.; Model "Mirra" by Applied Materials Corp.; and 
Model ''AVANTI-472" by Aipec Corp.). For the polishing, It is preferred for the abrasive remaining on the polishing 
surface to be removed after polishing. The abrasive may be removed by a common washing method. When the abrasive 
consists of organic particles, the polishing surface may be heated to high temperature in the presence of oxygen to 
25 burn off the particles for their removal. The burning method used may be an ashing treatment method with plasma 
whereby particles are exposed to the oxygen plasma, oxygen radicals are supplied in a downf low, or the like; this allows 
the residual organic particles to be easily removed from the polishing surface. 



30 



[Embodiments of the Invention] 

[0064] The present invention will now be explained in greater detail by way of examples. 

[1] Preparation of aqueous dispersions containing abrasive 

35 (1) Preparation of aqueous dispersions containing inorganic particles 

Synthesis Example 1 [Preparation of aqueous dispersions containing fumed silica or fumed aluminal 

[0065] After placing 1 00 g of fumed silica particles (product name: "Aerosil #90" , Nippon Aerosil Co., Ltd.) and fumed 
40 alumina particles (product name: "Aluminum Oxide C", Degusa Corp.) in a 2-liter volume polyethylene bottle, ion- 
exchanged water was charged in to an amount giving a total of 1000 g. The particles were then dispersed with an 
ultrasonic disperser to prepare aqueous dispersion (Ala) containing 1 0 parts by weight (hereunder referred to as "parts") 
of fumed silica particles and aqueous dispersion (Alb) containing 10 parts of fumed alumina particles. 

45 Synthesis Example 2 [Preparation of aqueous dispersions containing colloidal silica] 

[0066] After loading 70 g of ammonia water at a 25 wt% concentration, 40 g of ion-exchanged water, 1 75 g of ethanol 
and 21 g of tetraethoxysilane into a 2-liter volume flask, the mixture was heated to 60*»C while stinring at 180 rpm, and 
after continuing the stimng at this temperature for 2 hours, the mixture was cooled to obtain a colloidal silica/alcohol 
50 dispersion with a mean particle size of 230 nm. An evaporator was then used for several repetitions of a procedure in 
which the alcohol portion was removed while adding ion-exchanged water to the dispersion at a temperature of 80*C, 
and the alcohol in the dispersion was thereby removed to prepare aqueous dispersion (A2a) with a solid content of 8 
wt%. 

[0067] Aqueous dispersion (A2b) containing silica particles with a mean particle size of 30 nm was prepared in the 
55 same manner as above except that 35 g of ethanol was used and 1 5 g of tetraethoxysilane was used. 

[0068] Aqueous dispersion (A2c) containing silica particles with a mean particle size of 15 nm was prepared in the 
same manner as above except that 45 g of ethanol was used and 25 g of tetraethoxysilane was used. 
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(2) Preparation of aqueous dispersions containing abrasive composed of composite particles 
.c^vnthesis Example 3 [Preparation of aqueous dispersion containing composite particles consisting of poiymethyl 
methacrylate particles and silica particles] 

1) Production of aqueous dispersion containing polymer particles 

[0069] After charging 90 parts of methyl methacrylate, 5 parts of -^3^^;^;?,^^^ 
nlmo "MK Ester M-90G" #400, product of Shinnakamura Chemical Industnes Co., Ltd.). 5 pans °' * ^'"y'f'y ' 
pr Of an LtiLd°poiymer*.ation initiator (trade name "VSO". P-^"^°J^^^^^^^^ Sng'uid'^ a ^^^^^^^ 

functional groups. The polymerization yield was 95%. 

2) Production of aqueous dispersion containing composite particles 

■^ZJ^S«XT.>^tTlZ pa« Js,z. o„he co™os»e pa«^- w« ,80 ™„. ^ « .N,ca p«t,C.s 
w«r*.™dlo 80% o( the surface of the poiymethyl methacylate-baeed partKaes. 

121 PteparBlon and evaluation o1 aqueous dlsperelons ,of CMP (11 Eanp\a\ 
^ A,ueou.d.pets.n,Ala,coh,a*,,u^^*a^ 

CMP 
40 Examples 2-9 

Sth:rr=i:;r.r=2-r=or^^ 

peroxide, were changed as shown in Table 1 . 
Comparative Example 1 

10074] An aqueous dispersion for CMP having a specific pH was obtained in the same manner as Example 1 . except 
that no polishing rate adjusting component was added. 

Comparative Examples 2-6 

=r^:rhTor;zrp=rre;rh^^^^^^ 

^TiS^wJ ueed Ihstead o. potaselum hydtoxlde tor ^fZl^^.tZtZ^^ -6 wet. used tor pollening 

s.ihro;r^rar:r.Tn°:=rir=r.^^^^^^ 
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10 



15 



Table rotation speed: 50 rpm 
Head rotation speed: 50 rpm 
Polishing pressure: 300 g/cm^ 
Aqueous dispersion supply rate: 100 ml/min. 
Polishing time: 1 min. 
Polishing pad: Two-la^ 

Polishing rate (A/min) = [(thickness of film before polishing) 
roo78] The thickness of each of the copper, tantalum and tantalum nitride films f^^^^^^^^ 

the following fomiula. 

Thickness (A) of copper, tantalum or tantalum nitride film 
= [copper, tantalum or tantalum nitride resistivity (Q/cm)/ sheet resistance value (O/cm^)] X lO'^ 
10079] Thethicknessofthelnsulatingfilmwasmeasuredwithaninterferencef.^^ 
.5 fo'oirS^^^^^^^ on the copper film v.ere evaluated by irradiating the sample with a spotlight in a dark room and 

r.? T^.'^::::^<S(^^-^''-' »>■ p>"«'^ «» • "^"^ 

and counting the number of scratches in a visual field of 100 nm X 100 nm. 
[00821 The results are shown in Tables 1 and 2. 
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10083] According to the resu^s shown inTab.e ^^-^^-^IZ''^^:^^^^^ 

Uassium n,a,eate and O^l'^ P^^^s °f '^^^^^^^^^^^^^ (Rc„/R.) in the range of 

film polishing rate ratios (Rcu/Rbm) and copper film | 
0.5-2. Particu.aHy Exar.p,es4 to6^^^^^^ 

as the abrasive had Rci/Rbm and RcyR|n "^^^'^^ j";"^ with sufficient flatness and high precision. 

film and insulating film, while ^^^^'^^^^^^^^ 1^5 had either very large or very small 

[00841 According to the results shown in Table 2, Comparative txampi^^ 
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copperfilm and tantalum inmand/ortantalumnitridefiUn polishing rate^^^^^ 

Xo>ishing rate ratios (Rc7R,„), and exhibited finished surfaces ^^^^^^^^J^T^^'^^ = 100 the copper film 
,n comparative ^-mple 6 which u^^^^^^^^ ,,,, Z (Ro^ 

polishing rate Rc„ was high, but the copper film " ^^re both small, and suflicient flatness could 

5 Rbm) and the copper film and insulating film polishing rate ratio (Rcu/R|„) were coin sma . 
not be achieved for the finished surface. 

Example 10 

In grooves covered v«lth tho TaN <»'^'f«» ° *f " „ ^ apparMus torwo-stago pollshlog ol 

TaN were completely removed. 

20 Table rotation speed: 50 rpm 

Head rotation speed: 50 rpm 
Polishing pressure: 300 g/cm^ 

r;rg::r;:T,:;.^r;.:?,?r^«^^^^^^^ „ „. 

25 After the polishing, a surface roughness meter (Model P-10 by ^"'T' ' 

dishing in the 100 ^m-width copper wiring, which was found to be 450 A. 

Example 11 

'"•"■"^SJoTrmV coppo, ^ o».p.e«on o, pol^Hng was 470 A. 
35 Comparative Example 7 

°' ' '=^.rfo™oTi.ng anar oo^p,^^^^^^^^^ 

10088] Example. 10 ana 1 1 obtamad by tha p0l.sh.n9 prooasa °' s„,iclantly datlaned 

L:VnX='=orr:x:." t r :;rrf =0^00 , . . .0 ^ copp.,..ng 

completion of polishing, and the finished surface was insufficiently flattened. 
[31 Preparation and evaluation of aqueous dispersions for CMP (2) Examples 1 2-24 

[0089] prescribed amounts of the aqueous dispersions prepared Svnthes. Ex^^^^^^^^^^^ ,i;:rT2i:r3^^^^^^^^^^^ 
Into a 1-liter volume polyethylene bottle, -^l*'^^^^-"^^^^^^^^^^^^^^^^ of the oxidizing 

added to the contents also listed in Tables 3 to 5 and thorough^ mixed ^^^^^^l^^^^ 3 ^ ^.^^ 3,,,„g 

agents and surfactants listed in Tables 3 to 5 were ^'^^"J^f^f ^^Vu^arnT^^^^^^ aqueous potassium hydroxide 
(Where Examplos21-24inTable5werecomposrt^^^^^^^^^^^ 

rrirarernreTo^nttr^^^^^ 

(.prel^rd^iSb^^^^^^^^^^^^ 
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* / ^^««+^ri ac "PPTFOS" in Tables 3-5) and an 8-inch silsesquioxane film-coated 

sr™.r~"'?ss°ss; -l^^'"^ ^ ~ ..r. » 

fs 

Polishing apparatus: Model "LGP510" by Lapmaster SFT Corp^ „ ^ , „ , q \ 
Polishing pad: Product name: "IC100(W)50-(603)-(P)-S400J". by Rodel Corp. (U.S.) 



follows 



Carrier load: 300 g/cm^ 
Carrier rotation speed: 80 rpm 
Table rotation speed: 100 rpnn 
10 Aqueous dispersion supply rate: 200 nnl/min. 

Polishing time: 3 minutes 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



16 



BNSDOCID: <EP. 



J116762A1J_> 



EP1 116 762 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Q. 

E 

X 

LU 



E 
c 
in 



CO 

o 



JO 



o 
to 
a> 

CO 

o 

Q. 

E 
o 
o 



CO 

o 

CO 

-o 

0) 

E 



CVJ 



CO 

< 



CM 



CO 



o 

CO 
(0 

o 



fO 

ID 

"o 

o 



CO 

2^ 



CM 
< 



C 

o 



CD 
CL 
CO 
T3 



O 
<D 



(0 



> 

€0 

Id 



.9 -o 



o 8 



o 
o 



u 

u 
c 
o 

CO 



<5 
o 

(0 

£ 



0) 
Q. 



(5 

3 
(O 

Q. 

E 

CO 

v> 
o 



in 
o 



12 

X 

o 

o 
a. 

c 

CD 
O) 

o 



CO 



c 

0) 
O) 
€0 
O) 

c 
o 



CM 

o 



CD 
*-* 
CO 

c= 
o 

3 
to 
a> 
c 

<D 
M 
C 
(D 

(D 
X> 

O 
T3 

E 

CO 
CO 

iS 
o 

C2. 



in 
o 



o 

CO 

t 

CO 



o 



o 

CO 



CO 

o 



CO 
CM 

c:> 

CD 



p 
<6 



o 
to 



lO 

CVJ 



o 
CO 
o 
c5 



OS 

o 
o 
o 

CD 



o 

CO 
CO 



in 
in 



o 

CO 



o 

CD 



CO 
CM 
O 
O 



in 



o 

CM 
CO 



in 



CM 

o 
o 



CM 
O 
O 



CO 

O 

UJ 



o 

CO ^ 
c: 



o 



CO 

cn 
o 

LU 



O 
O) 

to 



o 



(0 

I- 

\ 

o 



17 



BNSDOCID: <EP. 



.1116762A1J_> 



EP1 116 762A1 




EP1 116 762 A1 



10 



IS 



20 



25 



35 



40 



45 



50 



55 





ca 


fumed silica | 


Ala 


IT) 


quinaldinic acid 1 


0.25 


c acid 1 




hydrogen peroxide j 








a> 


in 


1220 


m 

CM 


in 

00 
CD 


0.012 


0.594 


1 0.561 1 






composite particle | 










malei< 




























Examples 


CO 
CJ 


A3 


in 




CJ 

d 




in 


persulfate 








CO 


o 


1030 


in 
Oi 
in 


in 
o 

CD 


0.010 


1 0.578 


0.587 


CVJ 
CVJ 






in 

CO 




0.03 1 


Ionic acid | 


CM 


potassium 






10.2 


ir> 


1320 


in 

CO 

<o 


o 
o> 
in 


0.011 


0.481 


0.447 






iica(30nm) 


A2b 




rlazole 




mai 






























CVJ 


colloidal sil 




benzol 


0.02 


maleic acid 




hydrogen peroxide 








in 
o> 


in 


1340 


in 
in 


o 


1 0.004 


0.563 


0.485 






types 1 


aqueous dispersion 1 


contents(wt%) 


CD 


contents(wt%) 


types 


contents{wt%) 


<n 
a> 

Q, 


contents{wt%) 


types 


contents(wt%) 




Cu 


Ta 


PETEOS 


low-k 


1 Cu/Ta 


CO 

O 

LU 
h- 
UJ 
Q. 


(0 
»- 

\ 

o 






































o 










abrasive 




1 heterocvclic 


compound 


organic acid 


oxidizing agent 


surfactant 


I 
a 




CO ^ 

*- c 

.£ 1 

:§ <■/ 

o 

CL 




polishing rate rat 



19 



BNSDOCIO: <EP. 



.1116762A1J_> 



EP 1 116 762 A1 



[0090] The polishing rate was calculated according to the following fomiula. The results are shown in Tables 3 to 5. 

Polishing rate (A/min) = [(thickness of film before polishing) - (thiclaiess of filnn after polishing)/polishing tinne] 

[0091] The thickness of each of the copper and tantalum films was detenmined by measuring the sheet resistance 
by the direct current 4-probe method using a resistivity measuring instrument (Model "Z-5" by NPS Corp.), and calcu- 
lating the thickness from the sheet resistance value and the copper or tantalum resistivity based on the following 
formula. 

10 

Thickness (A) of copper or tantalum film = [copper or tantalum 

2 -8 

resistivity (a/cm)/ sheet resistance value (ii/cm )] x 10 

15 

[0092] The thickness of the insulating film was measured with an interference film thickness probe (Model "FTP500" 
by Sentech Corp.). 

[0093] According to the results shown in Tables 3 to 5, the aqueous dispersions of Examples 1 2 to 24 which contained 
prescribed amounts of heterocyclic compounds, organic acids and oxidizing agents, with surfactants when necessaiy. 

20 had polishing rate ratios for the copper films, bamer metal films and insulating films that varied across a wide range 
depending on the composition. It was demonstrated that the types and amounts of heterocyclic compounds, organic 
acids and oxidizing agents can be changed for optimal adjustment of the aqueous dispersion for the second stage or 
third state of polishing. It is believed that the aqueous dispersions of Examples 12 to 24 may therefore be used to 
easily obtain finished surfaces with sufficient flatness and high precision when polishing working films fomned on sem- 

25 iconductor substrates. 

[0094] There are provided aqueous dispersions for CM P that can efficiently polish both copper films and barrier metal 
films, which can give sufficient flattened finished surfaces without excessive polishing of insulating films, as well as a 
CMP process employing the aqueous dispersions. The aqueous dispersions for CMP according to the invention are 
characterized in that for polishing of a copper film, bamer metal film and insulating film under the same conditions, the 

30 polishing rate ratio (Rcu^Rbm) the copper film (RcJ and the barrier metal film (Rqm) «s such that 0.5 < Rci/^BM ^ 2, 
and the polishing rate ratio (Rci/Rm) the copper film (RcJ and the insulating film (R, J is such that 0.5 < RcJ^in ^ 
2, Other aqueous dispersions for CMP according to the invention are characterized in that they contain an abrasive, 
a heterocyclic compound, an organic acid and an oxidizing agent, and for polishing of a copper film, barrier metal film 
and insulating film under the same conditions, the polishing rate ratio (Rci/Rbm) of the copper film (Rcu) and the ban^ler 

35 metal film (Rbm) is such that 0 < Rci/Rbm ^ 5> anc! the polishing rate ratio (Rm/ReM) of the insulating film (R,n) and the 
barrier metal film (Rbm) 's such that 0 < Rm/RsM ^ 2. The CMP process of the invention is characterized by using these 
aqueous dispersions for CMP in the second stage of two-stage polishing, In the second stage of three-stage polishing 
or in the third stage of three-stage polishing. 

40 

Claims 

1. An aqueous dispersion for chemical mechanical polishing characterized in that, for polishing of a copper film, 
barrier metal film and insulating film under the same conditions, the ratio (Rcu^Rbm) of the polishing rate for said 

45 copper film (RcJ and the polishing rate for said barrier metal film (Rbm) is such that 0.5 < Rci/Rbm ^ 2, and the 

ratio (Rcu'Rln) of the polishing rate for said copper film (Rqu) and the polishing rate for said insulating film (RjJ is 
such that 0.5 < Rci/R|n ^ 2. 

2. An aqueous dispersion for chemical mechanical polishing according to Claim 1 , wherein said bamer metal film is 
50 composed of tantalum and/or tantalum nitride. 

3. An aqueous dispersion for chemical mechanical polishing according to Claim 1 or 2, which contains at least an 
abrasive, water and a polishing rate adjusting component, / 

55 4. An aqueous dispersion for chemical mechanical polishing according to Claim 3, wherein said abrasive consists of 
at least one type of particles selected from among inorganic particles, organic particles and inorganic/organic 
composite particles. 
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5. An aqueous dispersion for chemical mechanical polishing according to Claim 3. wherein said polishing rate ad- 
justing component is maleic acid ion. 

6. An aqueous dispersion for chemical mechanical polishing according to Claim 5. wherein the concentration of said 
maleic acid ion is 0.005-1 mole/liter. 

7. An aqueous dispersion for chemical mechanical polishing according to any one of Claims 1 to 6. wherein the pH 
is 7-11. 

8 An aqueous dispersion for chemical mechanical polishing characterized in tliat it '^^"^^''^^"/^^"'^^^^^^^ 

wcSc compound, an organic add and an oxidizing agent, and for polishing of a copper f.lm barne metal film and 
SatSim under thi same condrtions. the ratio (Rcu/Rbm) of the polishing rate for said ^^PP^ * "T,^^"^.^"^ 
he poish'grate for said barrier metal film (Rbm) is such that 0 < Rcu/F«bm^ 5. and the rat.o (R.VRbm) of the 
polishilg SS said insulating 
Rbm ^2. 

9. An aqueous dispersion for chemical mechanical polishing according to Claim Bjherem the pH Is below 8.5. said 
ratio fWRBM is such that 0.5 < Rc„/Rbm s 5. and said ratio R,^Rbm 's such that 0 < R JRbm ^ 0.1 • 

10 An aqueous dispersion for chemical mechanical polishing according to Claim 9. wherein said heterocyclic com- 
■ pound is either or both quinaldinic acid or 7-hydroxy-5-methyl-1 .3.4-triaza.ndol.z.ne. 

11. An aqueous dispersion for chemical mechanical polishing according to Claim 8 or 9. which further contains a 

surfactant at 0.0001 -0.1 wt%. 

12 An aqueous dispersion for chemical mechanical polishing according to Claim 8 wherein the P" J« 

said mtio Rc„/Rbm is such that 0 < Rc^/Rbm ^ 0.1 . said ratio R JRbm « such that 0 < R JRbm ^ 0.1 . and which 
further contains a surfactant at 0.0001 -0.1 wt%. 

13. An aqueous dispersion for chemical mechanical polishing according to Claim 12. wherein said heterocyclic com- 
pound is benzotriazole. 

14. An aqueous dispersion for chemical mechanical polishing according to Claim 8. whe^^ the pH Is 8^5 o^ above, 
said ?atio Rcu/Rbm is such that 0 < Rcu/Rbm ^ 0.05, and said rat.o R,^Rbm 'S such that 0.1 < RJRbm ^ 2. 

15. An aqueous dispersion for chemical mechanical polishing ^'^^f 9^° 1T4 jLTaS^nT 
pound is at least one from among benzotriazole. quinaldinic acid and 7-hydroxy-5-methyl-1 .3.4.tnazamdol.z.ne. 

16. A chemical mechanical polishing process characterized by comprising 

a first stage of chemical mechanical polishing which employs an aqueous dispersion ^""^ f'^'^'^l'^^^^^^^ 
pSfrIg with a ratio (Ro^Rbm) of the polishing rate for copper films (Rc„) and the pohsh.ng rate for bamer 

Trrtigfoi^hrcX™ 

ical polishing according to any one of Claims 1 to 7. 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 15. 
dispersion for chemical mechanical polishing according to any one of Claims 9 to 11 . 
dispersion for chemical mechanical polishing according to any one of Claims 1 2 to 1 5. 
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Fig. 1 
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